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Dimension Six Corrections to the Vector Sector of AdS/QCD Model 
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We study the effects of dimension six terms on the predictions of the holographic model for the 
vector meson form factors and determine the corrections to the electric radius, the magnetic and the 
quadrupole moments of the p-meson. We show that the only dimension six terms which contribute 
nontrivially to the vector meson form factors are X 2 F 2 and F 3 . It appears that the effect from the 
former term is equivalent to the metric deformation and can change only masses, decay constants 
and charge radii of vector mesons, leaving the magnetic and the quadrupole moments intact. The 
latter term gives different contributions to the three form factors of the vector meson and changes 
the values of the magnetic and the quadrupole moments. The results suggest that the addition of 
the higher dimension terms improves the holographic model. 
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Introduction. - The significant progress of the holo- 
graphic duals of QCD (based on in determination of 
basic hadronic observables (see, e.g., Refs. 0-H3) sug- 
gests for further development. In this paper, we work 
in the vector sector of the AdS/QCD model with the 
hard- wall cutoff, proposed in the Ref. Q . We study the 
effects of dimension six terms on the vector meson form 
factors and extract the values of observables such as the 
p-meson's electric radius, the mass, the decay constant, 
the magnetic and the quadrupole moments. 

The leading order contribution to the vector meson 
form factors coming from the F 2 term has already been 
studied in detail in Refs. 0, 0|, where it has been shown 
that the holographic models in Refs. |2j,|5( reproduce only 
the trivial structure of vector mesons. In particular, in- 
stead of three independent form factors that describe vec- 
tor meson, these holographic models predict only one. 

We show that the inclusion of dimension six terms 
changes the situation towards a more interesting scenario 
in which all of the three form factors are corrected in dif- 
ferent amounts. We also observe, that the only dimension 
six terms which give nontrivial contribution to the vector 
meson form factors are X 2 F 2 and F 3 . The contribution 
from the rest of the dimension six terms can be removed 
by the redefinition of the coupling constant g 2 . 

We find that the addition of a term such as X 2 F 2 is 
equivalent to the AdS metric deformation and, according 
to Ref. Q, this, in turn, is equivalent to the inclusion of 
the vacuum condensates. This is in agreement with the 
point made in Ref. [|J that the higher dimension (HD) op- 
erators which appear in the operator product expansion 
of QCD arise in the holographic model from the higher 
terms in the 5D lagrangian such as X 2 F 2 . We also notice 
that the term X 2 F 2 doesn't alter the values of the mag- 
netic and the quadrupole moments, however, changes the 
values of the vector meson electric radius, the mass and 
the decay constant. 

The paper is organized as follows, in Section II, we 
go through the basics of the holographic model given in 
Refs. 0, 0]j and in particular, we discuss the leading or- 
der action, the equations of motion for the vector bound 



states and the forms of dimension six terms that can en- 
ter the action. In Section III, we demonstrate that the 
term like X 2 F 2 doesn't change the values of the mag- 
netic and the quadrupole moments and that its effect is 
equivalent to the AdS metric deformation. We also dis- 
cuss, how this term, to a first approximation, changes the 
values of the p-meson mass, the decay constant and the 
electric charge radius. In Section IV, we consider the rel- 
evant part of the F 3 lagrangian and calculate the three- 
point function which is then used in Section V to derive 
the corrections to the form factors of vector mesons. In 
Section VI, we calculate the charge radius, the magnetic 
and the quadrupole moments of the p-meson and com- 
pare these with the predictions from the other models 
given in Refs. 23]-[28]. Finally, we summarize the pa- 
per and also show that the form factor of pion can get 
corrections only from the term like X 2 F 2 . 
Preliminaries. - We are working in the background of 
the sliced AdS metric of the form: 



ds 2 = X 



(n^dx^dx" - dz 2 ) , < z < z , (1) 



where r]^ v = Diag(l, —1, —1, —1), z — zq imposes the IR 
hard wall cutoff, (with zq ~ 1/ Kqcd) and z — e — > de- 
termines the position of UV brane. From the dictionary 
of the AdS/QCD model, we will correspond to the 4D 
vector current J£(x) = q(x)j l _ l t a q(x) a bulk gauge field 
z) whose boundary value is the source for J®{x). 
The 5D gauge action in the AdSs space is 



SAdS 



1 



Tr / d 4 x dz F mn F M n 



(2) 



fa A a 



where F M n = dMA N -dNA M -i[AM,A N ], A M 
(M,N = 0,1,2,3,2; fi,v = 0,1,2,3 and t a = a a /2 
where a a are usual Pauli matrices with a = 1, 2, 3). We 
work in the A z = gauge and require d^A^ = 0. 

Working in the Fourier image representation and defin- 
ing A®(q, z) — A®(q)A(q, z), we can determine the lin- 
earized equation of motion for A(q, z), which is 



[z 2 d 2 
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q z \ 



A(q,z)=0 



(3) 
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with boundary conditions A(q, 0) = 1 and d z A(q, z ) = 0. 

In general, the 5D gauge theories are not renormaliz- 
able, since the 5D gauge coupling g\ has negative mass 
dimension. This means that these theories can only be 
considered as an effective theories below some scale A. 
In particular, for our case, the cutoff scale A should be 
set by 1/gl 

Since, the holographic model is an effective theory with 
physical cutoff scale A ~ l/fffi we are free to add HD 
terms into the lagrangian which respect all the required 
symmetries. The coefficients in front of the dimension 
six operators are of the form c/A, where c is some di- 
mensionless constant and A = v/g 2 (it can be estimated 
that v ~ 24-7T 3 ). In general, since g 2 = 12ir 2 /N c , accord- 
ing to Ref. 0, we have c/A = 12ir 2 c/(vN c ) ~ c/N c and, 
therefore, for large N c the HD terms are A^-suppressed. 

There are three groups of dimension six terms one can 
add into the AdS/QCD lagrangian, which may contribute 
to the three-point function, 

1. {^aFmn)\ [V M F MN f , 

F\ F MN V 2 F MN , (V K F MN )(V N F K M ) , 

9 BP 2 pMN tp TTi K pMNKP jp 771 

3. X^XFF, X^FXF , 

where Vm is a covariant derivative, R AINPK , R MN are 
Riemann and Ricci curvature tensors and R is a Ricci 
scalar. Here, we will ignore the backreaction of the mat- 
ter on the metric of the AdS space. As a result, the con- 
tribution from the terms of the second group becomes 
formal, since in the AdS space these terms are propor- 
tional to F 2 and can be absorbed into the coupling g\. 
Using the equation of motion 

V M F MN = i[A K ,F KM ] = J M , (4) 

it can be shown that the term (V mF mn ) 2 doesn't con- 
tribute to the two-point and three-point functions. No- 
tice, that the terms F MN V 2 F MN and (V a F M n) 2 are 
equivalent, since they differ by a full covariant deriva- 
tive which vanishes after the integration because of the 
boundary conditions on the fields. The terms in the third 
group contribute to the three-point function in such a 
way that the magnetic and the quadrupole moments re- 
main unchanged. We will show this on the example with 
the X 2 F 2 term. 

The remaining dimension six terms which can con- 
tribute to the three-point function are given in the sec- 
ond line of the first group. Using the properties of the 
covariant derivatives and the equation of motion, it can 
be shown that 

F MN V 2 F MN D 2F MN V M J N D 2V M {F MN J N ) , (5) 

where we indicated only the parts which are not ex- 
pressed through the terms in the second group or through 



the terms which don't contribute to the three-point func- 
tion. The last term enters into the action as 

Tr J d 5 x y/gV M (F MN J N ) (6) 

= -<■&/ d 4 x (^9F* v [A»,F^]) z=0 . 

It can be shown that this term doesn't contribute to the 
vector meson form factors. There are different ways to see 
this. One of the ways is, to notice, that the form factor is 
obtained as a double residue of the three-point function 
(see, e.g., Ref. Q). Then, working in the Fourier image 
representation, we have A{q 1 0) = 1 and, therefore, the 
term [A^, F^] z= q can't have any poles. As can be seen 
from the Eq. $F5fy, only the F zv = A v {q)d z A{q,z = 0) 
term in ([6]), that has poles on the UV boundary. There- 
fore, since, we have only one term which has poles, the 
double residue will vanish, leading to zero corrections for 
the vector meson form factors. The similar arguments are 
applied for the term (V K F MN )(V N F K M ). It appears, 
that only the term F 3 in this group that can give non 
zero corrections to the form factors of vector mesons. 

The terms of the first group F MN S7 2 F MN and 
(V K F MN ){V nF k m ), contribute to the two-point func- 
tion only through the terms in the second group. There- 
fore, the effect of these terms on the two point function 
is trivial and can be absorbed by the coupling g 2 . 

Notice, that the F 3 term is not coming from the ex- 
pansion of DBI action. In this model, F 3 term is one of 
the possible terms which should be invariant under the 
Lorenz and gauge transformations. We also allow the vi- 
olation of the 5D discrete charge conjugation symmetry 
(C) in the AdS background. As we will show, the cor- 
rections associated with this C-violating term are 1/N 2 
suppressed and the precise knowledge of either the mag- 
netic moment or the electric charge radius of the p-meson 
may allow to determine the holographic bounds of strong 
C- violation (which is not observed in 4D). 
The effects from the X 2 F 2 term. - Consider the 
correction to the action of the form 

S X 2 F2 = ngl Tr J d 4 x dz^ X^XF MN F MN , (7) 

where k is some constant and following Ref. 0, we have 
A 2 = l(2x2)V 2 ( 2; )/4- In particular, v(z) = (m q z + <rz 3 ), 
where m q is the quark mass parameter and a plays the 
role of the chiral condensate. 

We observe that the total action can be written as 

S F 2 + S X 2 F 2 = - JL Tr / d 4 x dz F MN F MN , 

where the Lorentz indexes are now governed by the flat 
metric tjmn, p{z) = 1 — ngi ) v 2 {z) and it is clear that, in 
general, the contribution from all the terms like X 2n F 2 , 
(n is natural number), will modify p(z) to a function 
P(v(z)) = 1 + C l55 V(z) + • • • + C n gtv 2n (z), where C n 
are some unknown coefficients. Therefore, the inclusion 
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of the X 2 F 2 term corresponds effectively to the deforma- 
tion of the AdS metric, that is instead of the 1/z 2 factor 
in the metric ([T]), we will have p 2 (z)/z 2 . The similar 
arguments are applied also for the term X^FXF. 

This observation allows the direct application of the 
result from the Ref. [|| to the present case, leaving us 
with the following expression for the elastic form factors: 



Z ° dz^J(Q,z)\Mz)\ 2 , (8) 



where ip n (z) are the solutions of the equations of motion, 



p(z) 



M 2 M*) = 



(9) 



with b.c. ip n {0) = V40o) = and q 2 = M 2 . The func- 
tion z) is a solution of the same equation of motion 
but with q 2 = —Q 2 instead of M 2 and b.c. J(Q, 0) = 1, 
d z J{Q, zq) = 0. The eigenf unctions of Eq. ([9]) are nor- 
malized as 



dz \Wn{z)\ 



= 1 



(10) 



Therefore, F nn (0) = 1 and, since, the electric Gc, mag- 
netic Gm and quadrupole Gq form factors are: 



G^(Q 2 ) = -F nn {Q 2 ) 



G$(Q 2 ) = 2F nn (Q 2 ) 



G ( c ] (Q 2 



Q 2 



(ii) 



one can check that at Q 2 — 0, these form factors repro- 
duce the same values for electric charge, magnetic and 
quadrupole moments, as in the case with k = 0, that is 
in the absence of the X 2 F 2 term. This term, however, 
can change masses and decay constants of vector mesons. 
Besides, it also changes the electric radius of the p-meson. 

Notice, that the eigenvalues of the Eq. © may be ex- 
pressed through the cigcnfunctions in the following way: 



Ml = 



dz PW\d,1, n (z)\ 2 



(12) 



Up to a first order approximation, using the same eigen- 
functions as in case with k = 0. that is 



V4 0) (*) = 



V2 



ZoJl(lO,n) 



zJi(Mi°h) 



(13) 



with M„ = 7o,n/zo (where Jo(7o,n) = 0) but with met- 
ric perturbation p(z), we will have for the p-meson mass 
M p = Mi the following result: 

M p ~ M (°) (1 - 0.02 Kff5 4 ) , (14) 

where is the mass of the p- meson in case k = 0, 

and we used the values of parameters: m q — 2.3 MeV, 



(7 = (327 MeV) 3 z = 1/(323 MeV), taken from the 
Model A of Ref. [|. 

The decay constant of the p- meson, f p , in terms of the 
eigenfunctions of the 5D equation of motion has the form 



95 \ z 



(15) 



as was discussed, for example, in the Ref. [4|]. The solu- 
tion for ipp( z ) = Tpii 2 ) near the z = is of the same form 
as in case k = thus, 



f P = 



V2M 



3520^1(70,1) 
Therefore, to lowest order in k, we will have: 



f p ~ /<°> (1 - 0.02 Kff , 



5; « 



(16) 



(17) 



where fp ^ is the decay constant in case when k = 0. 

We can also express the electric charge radius of the 
p-meson, {r 2 }c, defined as 



dQ 2 



(18) 



in terms of the parameter k. In this case, using the 
Eqs. ©, (fTTj) and to lowest order in the coefficient 
k, the electric charge radius is: 



(rl)c 



(0.53-0.16^5) fm 2 



(19) 



where 0.53 fm 2 is the result for the electric radius ob- 
tained in Ref. @ (again, we used parameters taken from 
the Model A of Ref. @). 

The similar analysis can be applied for the case of 
Model B in Ref. for which we have: 



M p ~ M<°> (1 - 0.01«fff) 
1 - OMngl) 



(20) 



f(0) 
J o 



(0.46 - 0.07k 5 |) fm 2 



Notice, that the coefficients in front of n, in case of Model 
B are almost twice as smaller than in the Model A. Also, 
it is straightforward to see that the contribution from the 
term X^FXF can be absorbed by k. 

Now, since g 2 = 12ir 2 /N c , it follows that the correc- 
tions to the observables (~ ngf) are 1/iV 2 suppressed. 
The natural constraint on the coefficient k should come 
from the requirement that the corrections to the observ- 
ables are small. This means that, if iV c = 3, then for the 
first two observables in (|20)) . we should have |«| -C 0.06 
and for the third one we expect to have \k\ <C 0.004. 
Therefore, we conclude, that it is natural for the coeffi- 
cient k to satisfy the condition \k\ <C 10~ 3 . 



4 



Corrections from the F 3 term. - The action relevant 
for finding the corrections to the 3-point function is 



S F3 = ag 2 Tv J d 4 x dz ^fg (F M nF nk F k m ) (21) 

3(d li Al)(d s A h > v )(d t A e >») 



iagle abc 



d x dz z 



2(d^A au )F b ' a F^ 



where a is a new dimensionless (C-violating) parameter 
of the theory and the Lorcntz indexes are governed by the 
Minkowski flat metric rj^. Therefore, using the prescrip- 
tion of the holographic model, for the 3-point function we 
will have: 

T; b a c p ( Pl , P 2,q) = (J b MJZ(q)4(-P2)) (22) 
= e abc T tiaf3 (p u p 2iq ) l (27r) 4 S^(q-P2+Pi) , 



where 



Sag 2 



[q 2 K 2 ~ Ku] VapiPi +P2)f. 



+ [2M 2 K 2 - Ki 2 ] {r/naqp - v^pqa) 

-2K 2 q a q p (p 1 +p 2 )A , (23) 



and 
K 11 (p 1 ,p 2 ,q) 
K 12 (pi,p2,q) 
K 2 {p\,P2,q) 



dz zd z A(q, z)A(p ll z)d z A(p 2 , z) , 
dz zd z [A(q, z)A(p\,z)] d z A(p 2 , z) , 



dz zA(q,z)A( Pl ,z)A(p2,z) , (24) 



where we used that the functions K(p\,p2,q) are sym- 
metric under the exchange of p\ «-> P2 (to understand 
this, see Eq. (25}), but not pi )2 «-> q, (q — P2 - Pi) 
and anticipating the on-shell limit, we applied conditions: 
p\=p\= M 2 , (p lP 2) = M 2 -q 2 /2 and (p 2 q) = -( P iq) = 
q 2 /2, for the diagonal transitions (one can easily general- 
ize this to non diagonal transition) . Since we are dealing 
with the transverse components of the gauge field, to 
simplify the tensor structure, we applied, as in [J], the 
transverse projectors H aa (pi) = (rj aa — pfpf /p 2 ), etc, 
(that allows us to add or eliminate terms proportional to 
Pi a or P2p)- The solution of the © for timelike momen- 
tum can be written as an infinite sum: 



A(p, z) = ~g 5 



1 „2 _ ]^2 



(25) 



where ip m (z) are the solutions of the (3} with b.c. 
V'm(O) = ip'm{ z o) — an( i 9 2 — ^m- Then, for a spacelike 



momentum transfer, q 2 — —Q 2 , it follows that: 
T Ma f){puP2,q) = — — 2^ 



4 ^ 1 (pf — M 2 )(j>2 — M 2 ) ' 



and for the diagonal n <-» n transition: 
< Q VQ 2 ) = 2 lim lim (p\ - M 2 )(p 2 - M 2 n )T^ 

+ [2M 2 Wr - W??] (r hia q - T hf) q a ) 



2Wrq a qp( P i+P2)^ 



(26) 



where we defined new functions as 



W™(Q 2 ) 
W? 2 n (Q 2 ) 
W^iQ 2 ) 
with 

J{Q,z) 



ii 



dz zd z J{Q,z)i) n {z)d z i) n {z) , (27) 
dz zd z [J(Q, z)Mz)\ d,M*) > ( 28 ) 



dz zJ(Q, z)ip n (z)ip n (z) 



K 1 (Qz) + I 1 (Qz) 



K (Qz ) 



Io(Qzo) 



(29) 



(30) 



where J{Q, z) = A(Q, z) is the solution of Eq. (3J). 
Form Factors. - Adding the corrections to the form 
factor coming from the F 3 term to the leading order re- 
sult from the F 2 term obtained in Ref. [|| gives for the 
electric Gc, magnetic Gm and quadrupole Gq form fac- 
tors the following result 



Ft, 



6M 2 



3ag 4 5 Q 2 



Q 2 



12M 2 



aglQ< 



8M, 



— "12 i 



G ( $(Q 2 ) = 2F nn (Q 2 ) 



^ [2M 2 wr 



G%HQ 2 ) = -F m m 



2, 3a ff |Q 2 



where 



3«fff 



[wpf-wiz 1 ] . 



dz 



J(Q,z)\iP n (z)f 



(31) 



(32) 



see Ref. Q for more details. In the AdS/QCD model, 
with a = as was shown in Q, these three form fac- 
tors of vector meson are expressed through the single 
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function F nn (Q 2 ). Besides, for Q 2 = 0, the AdS/QCD 
model reproduce the unit electric charge e of the meson, 
"predict" /i = Gm(0) = 2 for the magnetic moment and 
D = G Q (0)/M 2 = - l/M 2 for the quadrupole moment, 
which are just the canonical values for a vector parti- 
cle (22[. However, for non zero value of a the situation 
changes towards a more realistic scenario. 
Results. - One can verify that at Q 2 = 0, we have 
W^ n (0) = 0, because d z J(0, z) = 0, since 



d z J{Q,z) = -zQ 2 
Besides 

wim - 



K (Qz)-I Q (Qz 



dz z(d z tpi(z)) 2 



K (Qz ) 
Iq(Qzq) 



(33) 



(34) 



2M 2 z 2 



Ji (7o,i) Jo 



dC CVo(7o,iC) , 



dz zip 2 (z) 



(35) 



2z 2 



JHlo.i) Jo 



dC CVi(7o,iC) , 



where Jo(7o,i) = 0, M — 70,1/^0 is the mass of the p- 
meson and we took into account that 



V2 



zo«Mto,i) 



zJi{Mz) 



(36) 



After partial integrations and using the properties of 
Bessel functions we will have 

^(0) = M 2 VF 2 n (0) - 2 . (37) 

Now, defining w = W$(0) ~ 1.261, we find (e = 1), 

, 3ag| 



H 

DM 2 



G (1) 



G 



m(0) 
«(0) 



(to + 4) 



(38) 



■1 



3^55 w 



T Q v 4 
The electric radius of the p-meson is 




(39) 



Q 2 =0. 

, /;/ , - 0.53 fm 2 , found in Ref. 0, 
and the second term in the square brackets is the correc- 
tion to the p-meson's radius. Using the Eqs. (|2T|) . (|53"1) 
and (|36[) one can find that 

9 fdwIHQ 2 ' 



where the first term is (r 2 )c 



dQ 2 

97o,i^o 
</i 2 (7o,i) Jo 



(40) 



3 2 =0 



d( C 4 lnC Jo (7o,i 0^i(7o, iC) , 



which is ~ —0.255 fm . Therefore, 

a = ((r))c - (r 2 p )c) / fm 2 ~ 0M7ag 4 5 ~ 252a . (41) 

Now, in terms of a, the magnetic and quadrupole mo- 
ments of the /9-meson are: /i ~ 2 + 6. lex and DM 2 = 
1.46c— 1. The table of possible values for electric radius, 
magnetic and quadrupole moments in terms of reason- 
able range of values for a is given below: 

TABLE I: The observables for different values of a. 



a 


-0.15 


-0.1 


-0.05 


-0.01 


0.01 


0.05 


0.1 


0.15 


r 2 


0.38 


0.43 


0.48 


0.52 


0.54 


0.58 


0.63 


0.68 


M 


1.09 


1.39 


1.7 


1.94 


2.06 


2.31 


2.61 


2.92 


-DM 2 


1.22 


1.15 


1.07 


1.01 


0.99 


0.93 


0.85 


0.78 



where r 2 = (r 2 )c/ fm 2 . These results depend explicitly 
on a (or a) and implicitly on zq which is fixed by the 
mass of the p-meson. Notice, that gf\a\ < 0.23, therefore, 
we are not outside of the perturbative domain and our 
calculations are consistent. For comparison with other 
models, see table below 

TABLE II: The observables in different models. 



Models 


[23] 


[24] 


[25] 


[26] 


[2JJ 


[28] 


r 2 


0.27 


0.37 


0.37 


0.39 


0.54 


0.55 


A 4 


1.92 


2.69 


2.14 


2.48 


2.01 


2.25 


-DM 2 


0.43 


0.84 


0.79 


0.89 


0.41 


0.11 



It is interesting, that the only HD term in the 5D ef- 
fective theory that can alter the canonical values of the 
magnetic and the quadrupole moments is the C-violating 
term F 3 . Therefore, the more precise knowledge of either 
one of these observables (//, D or r 2 ) can put more strin- 
gent constraints on the C-violating coefficient a. Here, 
we showed that the corrections are proportional to ag§ 
and thus, are 1/N 2 suppressed as expected. Finally, our 
estimates suggest that \a\ < 10~ 4 . 

Summary. - In this paper, as one of the possible ways 
to test and improve the AdS/QCD model proposed in 
the Ref. [2|, we considered the addition of dimension six 
terms into the vector sector of the AdS/QCD lagrangian 
and study their effect on the vector meson form factors. 

We discussed that ignoring the backreaction of the 
matter to the metric, the effect from the terms of the sec- 
ond group involving the AdS curvature tensors and Ricci 
scalar, is equivalent to the redefinition of the coupling 
g 2 . We showed that the term, like X 2 F 2 , doesn't change 
the electric charge, the magnetic and the quadrupole mo- 
ments, but affects the charge radius, the masses and the 
decay constants of the vector mesons. The effect of this 
term is equivalent to the AdS metric deformation and, in 
agreement with [2j and [6j , it is also equivalent to the ad- 
dition of the vacuum condensates. However, one should 
keep in mind that the metric deformations are also com- 
ing from the matter fields, which we ignore compared 
to the explicit or effective metric deformations from the 
X 2 F 2 term. 
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By calculating the form factors, we found a relation 
between electric charge radius, mass and decay constant 
of the p-meson on the coefficient k (to lowest order) with 
which the term X 2 F 2 enters the action. Also, we ex- 
pressed electric radius, magnetic and quadrupole mo- 
ments of the p-meson in terms of the dimensionless pa- 
rameter a, with which the term F 3 enters the action. 
These results can be straightforwardly generalized to the 
case of the soft wall model [3, Q . 

It is also interesting to study the contribution of the 
dimension six terms to the form factor of pion. As it 
was discussed in Ref. [2(J, in the full AdS/QCD model 
the pion form factor is derived from the variation of the 
action with respect to the two longitudinal axial-vector 
fields and one transverse vector field. As a result, only 
the term like X 2 F 2 can contribute to the form factor 
of pion. To demonstrate this, first, consider the term 
F\Fv, where Fa is related to the axial- vector field. This 
term may contribute to the three-point function in such 
a way that only the linear pieces of the field strength ten- 
sors can enter. However, since these linear pieces vanish 
for the longitudinal axial-vector field, there can't be any 
contribution from the term like F 3 to the form factor of 
pion (this question was also discussed in Ref. |21j). 



The other relevant dimension six terms (VaFmn) 2 
and (VkF mn )(V n F k m ) also can't contribute to the 
form factor of pion. We demonstrate this on the ex- 
ample with the term aFmn) 2 which, as shown above 
contributes to the action in the form given in Eq. ([6]). 
However, this term contains two field strength tensors, 
and at least one should vanish for the longitudinal com- 
ponents. Similar arguments can be also applied for the 
second term. 

Finally, we think that the results obtained here are 
in the range of the values from the other models. This 
is encouraging and suggests that the further addition of 
the HD terms can improve the holographic dual model 
ofQCD. 
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